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CHAPTER TWO
LAUNCH SYSTEMS

I ntroduction

Launch systems provide access to space, obviously a necessary com-
ponent of all spaceflights. The elements of launch systems include the
various vehicles, engines, boosters, and other propulsive and launch
devices that help propel a spacecraft into space and position it properly.
From 1979 through 1988, NASA used both expendable launch vehicles
(ELV s)—those that can be used only once—and reusable launch vehicles.
This chapter addresses both types of vehicles, aswell as other launch sys-
tem-related elements.

NASA used three families of ELV's (Scout, Delta, and Atlas) and one
reusable launch vehicle (Space Shuttle) from 1979 through 1988 (Figure
2-1). Each family of ELVs had severa models, which are described in
this chapter. For the Space Shuttle, or Space Transportation System
(STS), the solid rocket booster, external tank, and main engine elements
comprised the launch-related elements and are addressed. The orbital
maneuvering vehicle and the various types of upper stages that boosted
satellites into their desired orbit are aso described.

This chapter includes an overview of the management of NASA's
launch vehicle program and summarizes the agency’s launch vehicle bud-
get. In addition, this chapter addresses other launch vehicle devel opment,
such as certain elements of advanced programs.

Several trends that began earlier in NASA's history continued in this
decade (1979-1988). The trend toward acquiring launch vehicles and ser-
vices from the commercial sector continued, as did the use of NASA-
launched vehicles for commercial payloads. President Reagan’'s policy
directive of May 1983 reiterated U.S. government support for commercial
ELV activities and the resulting shift toward commercialization of ELV
activities. His directive stated that the “U.S. government fully endorses
and will facilitate commerciadization of U.S. Expendable Launch
Vehicles” His directive said that the United States would encourage use
of its national ranges for commercial ELV operations and would “make
available, on a reimbursable basis, facilities, equipment, tooling,
and services that are required to support the production and operation of
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Figure 2—1. NASA Space Transportation System (1988)

U.S. commercial ELVs” Use of these facilities would be priced to
encourage “viable commercial ELV launch activities.”*

The policy also stated the government’s intention of replacing ELVs
with the STS as the primary launch system for most spaceflights.
(Origina plans called for arate flight of up to fifty Space Shuttle flights
per year.) However, as early as FY 1984, Congress recognized that rely-
ing exclusively on the Shuttle for all types of launches might not be the
best policy. Congress stated in the 1984 appropriations bill that “the
Space Shuttle system should be used primarily as a launch vehicle for
government defense and civil payloads only” and “commercial customers
for communications satellites and other purposes should begin to look to
the commercialization of existing expendable launch vehicles”2 The
Challenger accident, which delayed the Space Shuttle program, also con-

*Announcement of U.S. Government Support for Commercial Operations by
the Private Sector, May 16, 1983, from National Archives and Records Service's
Weekly Compilation of Presidential Documents for May 16, 1983, pp. 721-23.

?House Committee on Appropriations, Department of Housing and Urban
Development-Independent Agencies Appropriation Bill, 1984, Report to
Accompany H.R. 3133, 98th Cong., 1st sess., 1983, H. Rept. 98— (unnumbered).
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tributed to the development of a “mixed fleet strategy,” which recom-
mended using both ELV s and the Shuttle.®

Management of the Launch Vehicle Program

Two NASA program offices shared management responsibility for
the launch vehicle program: Code M (at different times called the Office
of Space Transportation, the Office of Space Transportation Acquisition,
and the Office of Space Flight) and Code O (the Office of Space
Transportation Operations). Launch system management generally
resided in two or more divisions within these offices, depending on what
launch system elements were involved.

The organizational charts that follow illustrate the top-level structure
of Codes M and O during the period 1979-1988. Asin other parts of this
chapter, there is some overlap between the management-related material
presented in this chapter and the material in Chapter 3, “Space
Transportation and Human Spaceflight.”

Also during the period 1979 through 1988, two major reorganizations
in the launch vehicle area occurred (Figure 2-2): the split of the Office of
Space Transportation into Codes M and O in 1979 (Phase |) and the merg-
er of the two program officesinto Code M in 1982 (Phase 1). In addition,
the adoption of the mixed fleet strategy following the loss of the
Challenger reconfigured a number of divisions (Phase I11). These man-
agement reorganizations reflected NASA’s relative emphasis on the Space
Shuttle or on ELVsasNASA's primary launch vehicle, aswell asthetran-
sition of the Shuttle from developmental to operationa status.

Phase |: Split of Code M Into Space Transportation Acquisition
(Code M) and Space Transportation Operations (Code O)

John F. Yardley, the original associate administrator for the Office of
Space Transportation Systems since its establishment in 1977, continued
in that capacity, providing continuous assessment of STS development,
acquisition, and operations status. In October 1979, Charles R. Gunn
assumed the new position of deputy associate administrator for STS
(Operations) within Code M, a position designed to provide transition
management in anticipation of the formation of a new program office
planned for later that year (Figure 2-3).

3NASA Office of Space Flight, Mixed Fleet Study, January 12, 1987. The
NASA Advisory Council had also established a Task Force on Issues of a Mixed
Fleet in March 1987 to study the issues associated with the employment of a
mixed fleet of launch vehicles and endorsed the Office of Space Flight study
results in its Sudy of the Issues of a Mixed Fleet. Further references to a mixed
fleet are found in remarks made by NASA Administrator James C. Fletcher on
May 15, 1987.
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Figure 2-3. Office of Space Transportation (as of October 1979)

The formal establishment of the new Office of Space Operations
(Code O) occurred in November 1979, and Dr. Stanley |I. Weiss became
its first permanent associate administrator in July 1980. Code O was the
principa interface with al STS users and assumed responsibilities for
Space Shuittle operations and functions, including scheduling, manifest-
ing, pricing, launch service agreements, Spacelab, and ELV's, except for
the development of Space Shuttle upper stages. The ELV program—
Atlas, Centaur, Delta, Scout, and Atlas F—moved to Code O and was
managed by Joseph B. Mahon, who had played a significant role in
launch vehicle management during NASA’s second decade.

Yardley remained associate administrator for Code M until May 1981,
when L. Michagl Weeks assumed associate administrator responsibilities.



Two new divisions within Code M were established in May 1981. The
Upper Stage Division, with Frank Van Renssdaer as director, assumed
responsibility for managing the wide-body Centaur, the Inertial Upper Stage
(IUS), the Salid Spinning Upper Stage (SSUS), and the Solar-Electric
Propulsion System. The Solid Rocket Booster and External Tank Division,
with Jerry Fitts as director, was aso created. In November 1981, Magjor
Genera James A. Abrahamson, on assignment from the Air Force, assumed
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duties as permanent associate administrator of Code M (Figure 2-4).
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Phase I1: Merger of Codes M and O I nto the Office of Space Flight

In preparation for Space Shuttle operations, Codes M and O merged
in 1982 into the Office of Space Flight, Code M, with Abrahamson serv-
ing as associate administrator (Figure 2-5). Weiss became NASA's chief
engineer. Code M was responsible for the fourth and final developmental
Shuttle flight, the operational flights that would follow, future Shuttle
procurements, and ELVs. The new office structure included the Special
Programs Division (responsible for managing ELVs and upper stages),
with Mahon continuing to lead that division, the Spacelab Division, the
Customer Services Division, the Space Shuttle Operations Office, and the
Space Station Task Force. This task force, under the direction of John D.
Hodge, developed the programmatic aspects of a space station, including
mission analysis, requirements definition, and program management. In
April 1984, an interim Space Station Program Office superseded the
Space Station Task Force and, in August 1984, became the permanent
Office of Space Station (Code S), with Philip E. Culbertson serving as
associate administrator. In the second quarter of 1983, organizational
responsibility for ELVs moved from the Special Programs Division to the
newly formed Space Transportation Support Division, still under the lead-
ership of Joseph Mahon.

Jesse W. Moore took over as Code M associate administrator on
August 1, 1984, replacing Abrahamson, who accepted a new assignment

Office of Space Flight (Code M)
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Space Station
____________ Task Force (a)
J. Hodge

Safety, Rel., & Customer Space Shuttle Advanced Resources & )
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(a) The Space Station Task Force became the Office of Space Station (Code S) in August 1984.
(b) In early 1983, the following changes took place in the Space Shutie Operations Division
Propulsion Branch added
- Flight & Turnaround Operations added
- Engine Programs eliminated
- SRB & external tank eliminated
- STS Systems Engineering and Integration eliminated and replaced by Integration Office
STS Operations eliminated
© Advanced Planning Division added Advanced Transportation, Platforms and Services, and Requirements Definition; efiminated Advanced Concepts and Advanced

@ rine 2atond quarter of 1983, organizational responsibility for ELVs moved from the Special Programs Division to the new Space Transportation Support Division,
also under the leadership of Joseph Mahon.
(€) In late 1983, the Shuttle Propulsion Division was added. Within it were the Productivity Operations Support office, the Engine Program office, the Solid Rocket Program
office, and the External Tank Program office.
() In early 1984, the Tether Satellite System office was added to the Space Transportation Support Division, and a Flight Demonstrations and Satellite Services and Crew
Services office were added to the Advanced Programs Division.
(9) 1n 1986, the Orbital Maneuvering Vehicle office was added to the Space Transportation Support Division.

Figure 2-5. Code M Merger (as of October 1982)
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in the Department of Defense (DOD). Moore was succeeded by Rear
Admiral Richard H. Truly, aformer astronaut, on February 20, 1986.

Phase I11: Post-Challenger Launch Vehicle Management

From the first Space Shuttle orbital test flight in April 1981 through
STS61-C on January 12, 1986, NASA flew twenty-four successful Shuttle
missions, and the agency waswell on its way to establishing the Shuttle as
its only launch vehicle. The loss of the Challenger (STS 51-L) on
January 26, 1986, grounded the Shuttle fleet for thirty-two months. When
flights resumed with STS-26 in September 1988, NASA planned a more
conservative launch rate of twelve launches per year. The reduction of the
planned flight rate forced many payloads to procure ELV launch services
and forced NASA to plan to limit Shuttle use to payloads that required a
crewed presence or the unique capabilities of the Shuttle. It also forced
NASA to recognize the inadvisability of relying totally on the Shuttle. The
resulting adoption of a “mixed fleet strategy” included increased NASA-
DOD callaboration for the acquisition of launch vehicles and the purchase
of ELV launch services. This acquisition strategy consisted of competitive
procurements of the vehicle, software, and engineering and logistical
work, except for an initia transitional period through 1991, when pro-
curements would be noncompetitive if it was shown that it was in the gov-
ernment’s best interest to match assured launch vehicle availability with
payloads and established mission requirements.

The mixed fleet strategy was aimed at a healthy and affordable launch
capability, assured access to space, the utilization of a mixed fleet to sup-
port NASA mission requirements, a dual-launch capability for critical
payloads, an expanded national launch capability, the protection of the
Shuttle fleet, and the fostering of ELV commercialization. This last goal
was in accordance with the Reagan administration’s policy of encourag-
ing the growth of the fledgling commercial launch business whenever
possible. The Office of Commercial Programs (established in 1984) was
designated to serve as an advocate to ensure that NASA's internal deci-
sion-making process encouraged and facilitated the development of a
domestic industrial base to provide access to space.

During this regrouping period, the ELV program continued to be man-
aged at Headquarters within the Office of Space Flight, through the Space
Transportation Support Division, with Joseph Mahon serving as division
director and Peter Eaton as chief of ELV's, until late 1986. During this peri-
od, the Tethered Satellite System and the Orbital Maneuvering Vehicle also
became responsibilities of this division. In late 1986, Code M reorganized
into the basic configuration that it would keep through 1988 (Figure 2-6).
Thisincluded anew management and operations structure for the National
Space Transportation System (NSTS). Arnold J. Aldrich was named direc-
tor of the NSTS at NASA Headquarters. A new Flight Systems Division,
still under the leadership of Mahon, consisted of divisions for ELV's and
upper stages, aswell asdivisionsfor advanced programs and Space Shuttle
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Figure 2-6. Office of Space Flight 1986 Reorganization

carrier systems. The Propulsion Division was eliminated as part of the
NSTS's move to clarify the points of authority and responsibility in the
Shuttle program and to establish clear lines of communication in theinfor-
mation transfer and decision-making processes.

Money for NASA’'s Launch Systems

From 1979 through 1983, all funds for NASA’s launch systems came
from the Research and Development (R& D) appropriation. Beginning in
FY 1984, Congress authorized a new appropriation, Space Flight,
Control, and Data Communications (SFC&DC), to segregate funds for
ongoing Space Shuttle-related activities. This appropriation was in
response to an October 1983 recommendation by the NASA Advisory
Council, which stated that the operating budgets, facilities, and personnel
reguired to support an operational Space Shuttle be “fenced” from the rest
of NASA's programs. The council maintained that such an action would
speed the transition to more efficient operations, help reduce costs, and
ease the transfer of STS operations to the private sector or some new gov-
ernment operating agency, should such a transfer be desired.* SFC&DC
was used for Space Shuttle production and capability devel opment, space
transportation operations (including ELVs), and space and ground net-
work communications and data systems activities.

Most datain this section came from two sources. Programmed (actu-
al) figures came from the yearly budget estimates prepared by NASA's
Budget Operations Division, Office of the Comptroller. Data on NASA's
submissions and congressional action came from the chronological histo-
ry budget submissions issued for each fiscal year.

*NASA, Fiscal Year 1985 Budget Submission, Chronological History, House
Authorization Committee Report, issued April 22, 1986, p. 15.
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Table 2—1 shows the total appropriated amounts for launch vehicles
and launch-related components. Tables 2-2 through 2-12 show the
requested amount that NASA submitted to Congress, the amount autho-
rized for each item or program, the final appropriation, and the pro-
grammed (or actual) amounts spent for each item or program. The
submission represented the amount agreed to by NASA and OMB, not
necessarily the initial request NASA made to the President’s budget offi-
cer. The authorized amount was the ceiling set by Congress for a particu-
lar purpose. The appropriated amount reflected the amount that Congress
actually allowed the Treasury to provide for specific purposes.®

As is obvious from examining the tables, funds for launch vehicles
and other launch-related components were often rolled up into the total
R&D or SFC&DC appropriation or other major budget category (“undis-
tributed” funds). This made tracking the funding levels specifically des-
ignated for launch systems difficult. However, supporting congressional
committee documentation clarified some of Congress's intentions. In the
late 1970s and early 1980s, Congress intended that most space launches
were to move from ELVs to the Space Shuttle as soon as the Shuttle
became operational. This goal was being rethought by 1984, and it was
replaced by a mixed fleet strategy after 1986. However, even though the
government returned to using ELVs for many missions, it never again
took prime responsibility for most launch system costs. From 1985
through 1987, Congress declared that the NASA ELV program would be
completely funded on a reimbursable basis. Launch costs would be paid
by the customer (for example, commercial entities, other government
agencies, or foreign governments). Not until 1988 did Congress provide
direct funding for two Delta Il launch vehicles that would be used for
NASA launches in the early 1990s. Although the federal government
funded the Shuttle to a much greater degree, it was also to be used, when
possible, for commercia or other government missions in which the cus-
tomer would pay part of the launch and payload costs.

In some fiscal years, ELV's, upper stages, Shuttle-related launch ele-
ments, and advanced programs had their own budget lines in the con-
gressional budget submissions. However, no element always had its own
budget line. To follow the changes that took place, readers should consult
the notes that follow each table as well as examine the datain each table.
Additional data relating to the major Space Shuttle budget categories can
be found in the budget tables in Chapter 3.

NASA's budget structure changed from one year to the next depending
on the status of various programs and budget priorities. From 1979 through
1983, al launch-related activities fell under the R&D appropriation.

SThe term “appropriation” is used in two ways. It names amajor budget cat-
egory (for instance, R&D or SFC&DC). It is also used to designate an amount
that Congress allows an agency to spend (for example, NASA's FY 1986 appro-
priation was $7,546.7 million).
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Launch elements were found in the Space Flight Operations program, the
Space Shuttle program, and the ELV program. The Space Flight
Operations program included the major categories of space transportation
systems operations capability development, space transportation system
operations, and advanced programs (among others not relevant here).
Upper stages were found in two areas: space transportation systems oper-
ations capability development included space transportation system upper
stages, and space transportation system operations included upper stage
operations.

The Space Shuttle program included design, development, test, and
evaluation (DDT&E), which encompassed budget items for the orbiter,
main engine, external tank, solid rocket booster (SRB), and launch and
landing. The DDT&E category was eliminated after FY 1982. The pro-
duction category also was incorporated into the Space Shuttle program.
Production included budget line items for the orbiter, main engine, and
launch and landing.

The ELV program included budget items for the Delta, Scout,
Centaur, and Atlas F. (FY 1982 wasthe last year that the Atlas F appeared
in the budget.)

FY 1984 was atransition year. Budget submissions (which were sub-
mitted to Congress as early as FY 1982) and authorizations were still part
of the R&D appropriation. By the time the congressional appropriations
committee acted, the SFC&DC appropriation was in place. Two major
categories, Shuttle production and operational capability and space trans-
portation operations, were in SFC&DC. Shuttle production and opera-
tional capability contained budget items for the orbiter, launch and
mission support, propulsion systems (including the main engine, solid
rocket booster, external tank, and systems support), and changes and sys-
tems upgrading. Space transportation operations included Shuttle opera-
tions and ELVs. Shuttle operations included flight operations, flight
hardware (encompassing the orbiter, solid rocket booster, and external
tank), and launch and landing. ELVs included the Delta and Scout. (FY
1984 wasthe last year that there was a separate ELV budget category until
the FY 1988 budget.) R&D’s Space Transportation Capability
Development program retained upper stages, advanced programs, and the
Tethered Satellite System.

Beginning in FY 1985, most launch-related activities moved to the
SFC& DC appropriation. In 1987, NASA initiated the Expendabl e Launch
VehiclessMixed Fleet program to provide launch services for selected
NASA payloads not requiring the Space Shuttle’s capabilities.

Space Shuttle Funding

Funds for the Space Shuttle Main Engine (SSME) were split into a
DDT&E line item and a production line item from 1979 through 1983.
Funds for the externa tank and SRB were al designated as DDT&E.
Beginning with FY 1984, SSME, externa tank, and SRB funds were
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located in the capability development/flight hardware category and in the
Propulsion System program. Capability development included continuing
capability development tasks for the orbiter, main engine, external tank,
and SRB and the devel opment of the filament wound case SRB. Congress
defined propulsion systems as systems that provided “for the production
of the SSME, the implementation of the capability to support operational
reguirements, and the anomaly resolution for the SSME, SRB, and exter-
nal tank.”

Some Space Shuttle funds were located in the flight hardware budget
category. Flight hardware provided for the procurement of the external
tank, the manufacturing and refurbishment of SRB hardware and motors,
and space components for the main engine; orbiter spares, including
external tank disconnects, sustaining engineering, and logistics support
for external tank, SRB, and main engine flight hardware elements; and
maintenance and operation of flight crew equipment.

Tables 2-1 through 2-9 provide data for the launch-related elements
of the Space Shuttle and other associated items. Budget data for addi-
tional Shuttle components and the major Shuttle budget categories are
found in the Chapter 3 budget tables.

Characteristics

The following sections describe the launch vehicles and launch-related
components used by NASA during the period 1979 through 1988. A chronol-
ogy of each vehicle' s use and its development is aso presented, aswell asthe
characterigtics of each launch vehicle and launch-related component.

In some cases, finding the “correct” figures for some characteristics
was difficult. The specified height, weight, or thrust of a launch vehicle
occasionally differed among NASA, contractor, and media sources.
Measurements, therefore, are approximate. Height or length was mea-
sured in several different ways, and sources varied on where a stage began
and ended for measuring purposes. The heights of individual stages were
generally without any payload. However, the overall height of the assem-
bled launch vehicle may include the payload. Source materia did not
always indicate whether the overal length included the payload, and
sometimes one mission operations report published two figures for the
height of alaunch vehicle within the same report.

Thrust was also expressed in more than one way. Source materia
referred to thrust “in avacuum,” “at sealevel,” “average,” “nominal,” and
“maximum.” Thrust levels vary during alaunch and were sometimes pre-
sented as a range of values or as a percentage of “rated thrust.”
Frequently, there was no indication of which definition of thrust was
being used.

This chapter uses the following abbreviations for propellants. LH: =
liquid hydrogen, LOX = liquid oxygen, N:H: = hydrazine, N:Os = nitro-
gen tetroxide, RF1 = liquid hydrocarbon, and RP-1 = kerosene.
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Expendable Launch Vehicles

From 1979 through 1988, NASA attempted seventy-four launches
with a 94.6-percent success rate using the expendable Atlas E/F, Atlas-
Centaur, Delta, or all-solid-fueled Scout vehicle—all vehicles that had
been used during NASA’s second decade. During this time, the agency
continued to built Deltas and maintained its capability to build Scouts and
Atlases on demand. It did not emphasize ELV development but rather
focused on Space Shuttle development and the start of STS operational
status. However, the adoption of the mixed fleet strategy returned some
attention to ELV development

The following section summarizes ELV activities during the decade
from 1979 through 1988. Figure 2—7 and Table 2—13 present the success
rate of each launch vehicle.

100
%

% ‘;
s ® V4
u y
c &
c 50
e 4
S
S
f o
u
1 0

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

Year
Figure 2—7. Expendable Launch Vehicle Success Rate
1979

NASA conducted nine launches during 1979, al successful. These used
the Scout, the Atlas E/F, the Atlas-Centaur, and the Delta. Of the nine launch-
es, three launched NASA scientific and application payloads, and six sup-
ported other U.S. government and nongovernment reimbursing customers.®

A Scout vehicle launched the NASA Stratospheric Aerosol and Gas
Experiment (SAGE), a NASA magnetic satellite (Magsat), and a reim-
bursable United Kingdom scientific satellite (UK-6/Ariel). An Atlas-
Centaur launched a FItSatCom DOD communications satellite and a
NASA scientific satellite (HEAO-3). Three launches used the Delta: one
domestic communications satellite for Western Union, another for RCA,
and an experimental satdllite, called SCATHA, for DOD. A weather satel-
lite was launched on an Atlas F by the Air Force for NASA and the
National Oceanic and Atmospheric Administration (NOAA).

®Aeronautics and Space Report of the President, 1979 (Washington, DC:
U.S. Government Printing Office (GPO), 1980), p. 39.
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1980

Seven ELV launches took place in 1980: three on Deltas, three on
Atlas-Centaurs, and one on an Atlas F. Of the seven, one was for NASA;
the other six were reimbursable launches for other U.S. government,
international, and domestic commercial customers that paid NASA for
the launch and launch support costs.”

A Delta launched the Solar Maximum Mission, the single NASA
mission, with the goal of observing solar flares and other active Sun phe-
nomena and measuring total radiative output of the Sun over a six-month
period. A Delta also launched GOES 4 (Geostationary Operational
Environmental Satellite) for NOAA. The third Delta launch, for Satellite
Business Systems (SBS), provided integrated, all-digital, interference-
free transmission of telephone, computer, electronic mail, and videocon-
ferencing to clients.

An Atlas-Centaur launched FItSatCom 3 and 4 for the Navy and
DOD. AnAtlas-Centaur also launched Intelsat V F-2. Thiswasthefirstin
a series of nine satellites launched by NASA for Intelsat and was the first
three-axis stabilized Intelsat satellite. An Atlas F launched NOAA-B, the
third in a series of Sun-synchronous operational environmental monitor-
ing satellites launched by NASA for NOAA. A booster failed to place this
satellite in proper orhit, causing mission failure.

1981

During 1981, NASA launched missions on eleven ELVs: one on a
Scout, five using Deltas (two with dual payloads), four on Atlas-Centaurs,
and one using an Atlas F. All but two were reimbursable launches for
other agencies or commercial customers, and all were successful.®

A Scout vehicle launched the DOD navigation satellite, NOVA 1. In
five launches, the Delta, NASA's most-used launch vehicle, deployed
seven satellites. Two of these launches placed NASA's scientific Explorer
satellites into orbit: Dynamics Explorer 1 and 2 on one Delta and the
Solar Mesosphere Explorer (along with Uosat for the University of
Surrey, England) on the other. The other three Delta launches had paying
customers, including the GOES 5 weather satellite for NOAA and two
communications satellites, one for SBS and one for RCA.

An Atlas-Centaur, which was the largest ELV being used by NASA,
|launched four missions; Comstar D-4, a domestic communications satel -
lite for Comsat; two Intelsat V communications satellites for Intelsat; and
the last in the current series of FItSatCom communications satellites for
DOD. An Atlas F launched the NOAA 7 weather satellite for NOAA.

"Aeronautics and Space Report of the President, 1980 (Washington, DC:
GPO, 1981).

8Aeronautics and Space Report of the President, 1981 (Washington, DC:
GPO, 1982).
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In addition, ELVs continued to provide backup support to STS cus-
tomersduring the early devel opment and transition phase of the STS system.

1982

NASA launched nine missions on nine ELVs in 1982, using seven
Deltas and two Atlas-Centaurs. Of the nine, eight were reimbursable
launches for other agencies or commercial customers, and one was a
NASA applications mission.®

The Délta supported six commercia and international communications
missions for which NASA was fully reimbursed: RCA's Satcom 4 and 5,
Western Union’s Westar 4 and 5, India’s Insat 1A, and Canada's Telesat G
(Anik D-1). In addition, a Deltalaunched Landsat 4 for NASA. The Landsat
and Telesat launches used improved, more powerful Deltas. An Aergjet
engine and a tank with a larger diameter increased the Delta weight-carry-
ing capability into geostationary-transfer orbit by 140 kilograms. An Atlas-
Centaur launched two communications satellites for the Intel sat.

1983

During 1983, NASA launched eleven satellites on eleven ELV's, using
eight Deltas, one Atlas E, one Atlas-Centaur, and one Scout. A Delta
launch vehicle carried the European Space Agency’'s EXOSAT x-ray
observatory to a highly dliptical polar orbit. Other 1983 payloads
launched into orbit on NASA ELVs were the NASA-Netherlands Infrared
Astronomy Satdllite (IRAS), NOAA 8 and GOES 6 for NOAA, Hilat for
the Air Force, Intelsat VF-6 for Intelsat, Galaxy 1 and 2 for Hughes
Communications, Telstar 3A for AT& T, and Satcom 1R and 2R for RCA;
all except IRAS were reimbursable.®

Theincreased commercial use of NASA’'slaunch fleet and launch ser-
vices conformed to President Reagan’s policy statement on May 16,
1983, in which he announced that the U.S. government would facilitate
the commercia operation of the ELV program.

1984

During 1984, NASA's ELV's provided launch support to seven satel-
lite missions using four Deltas, one Scout, one Atlas-Centaur, and one
Atlas E. During this period, the Delta vehicle completed its forty-third
consecutive successful launch with the launching of the NATO-I1ID satel-
litein November 1984. In addition, a Delta successfully launched Landsat
5 for NOAA in March (Landsat program management had transferred to

°Aeronautics and Space Report of the President, 1982 (Washington, DC:
GPO, 1983), p. 19.

Aeronautics and Space Report of the President, 1983 (Washington, DC:
GPO, 1984), p. 17.
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NOAA in 1983); AMPTE, ajoint American, British, and German space
physics mission involving three satellites, in August; and Galaxy-C in
September. Other payloads launched during 1984 by NASA ELVsinclud-
ed a Navy navigation satellite by a Scout, an Intelsat communications
satellite by an Atlas-Centaur, and a NOAA weather satellite by an AtlasF
vehicle. The launch of the Intelsat satellite experienced an anomaly in the
launch vehicle that resulted in mission failure. All missions, except the
NASA scientific satellite AMPTE, were reimbursable launches for other
U.S. government, international, and domestic commercial missions that
paid NASA for launch and launch support.*

In accordance with President Reagan’s policy directive to encourage
commercialization of the launch vehicle program, Delta, Atlas-Centaur,
and Scout ELV swere under active consideration during thistime by com-
mercial operators for use by private industry. NASA and Transpace
Carriers, Inc. (TCl), signed an interim agreement for exclusive rights to
market the Delta vehicle, and negotiations took place with General
Dynamics on the Atlas-Centaur. A Commerce Business Daily announce-
ment, published August 8, 1984, solicited interest for the private use of
the Scout launch vehicle. Ten companies expressed interest in assuming a
total or partial takeover of this vehicle system.

Also in August 1984, President Reagan approved a National Space
Strategy intended to implement the 1983 National Space Palicy. This
strategy called for the United States to encourage and facilitate commer-
cial ELV operations and minimize government regulation of these opera-
tions. It also mandated that the U.S. national security sector pursue an
improved assured launch capability to satisfy the need for a launch sys-
tem that complemented the STS as a hedge against “ unforeseen technical
and operational problems’ and to use in case of crisis situations. To
accomplish this, the national security sector should “pursue the use of a
limited number of ELVS."*

1985

In 1985, NASA's ELV's continued to provide launch support during
the transition of payloads to the Space Shuttle. Five launches took place
using ELVs. Two of these were DOD satellites launched on Scouts—one
from the Western Space and Missile Center and the other from the
Wallops Flight Facility. Atlas-Centaurs launched the remaining three mis-
sions for Intelsat on a reimbursable basis.*®

“Aeronautics and Space Report of the President, 1984 (Washington, DC:
GPO, 1985), p. 23

2\White House Fact Sheet, “National Space Strategy,” August 15, 1984.

BAeronautics and Space Report of the President, 1985 (Washington, DC:
GPO, 1986).
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1986

In 1986, NASA's ELVs launched five space application missions for
NOAA and DOD. A Scout launched the Polar Beacon Experiments and
Auroral Research satdllite (Polar Bear) from Vandenberg Air Force Base; an
Atlas-Centaur launched a FltSatCom satdlite in December; an Atlas E
launched a NOAA satdlite; and two Delta vehicles were used—one to
launch aNOAA GOES satellite and the other to launch aDOD mission. One
of the Delta vehiclesfailed during launch and was destroyed before boosting
the GOES satdllite into transfer orbit. An investigation concluded that the
failure was caused by an dectrical short in the vehicle wiring. Wiring modi-
fications were incorporated into all remaining Delta vehicles. In September,
the second Delta vehicle successfully launched a DOD mission.*

Partly as aresult of the Challenger accident, NASA initiated studiesin
1986 on the need to establish a Mixed Fleet Trangportation System, consist-
ing of the Space Shuttle and existing or new ELVs. This policy replaced the
earlier stated intention to make the Shuttle NASA's sole launch vehicle.

1987

In 1987, NASA launched four spacecraft missionsusing ELVs. Three
of these missions were successful: a Delta launch of GOES 7 for NOAA
into geostationary orbit in February; a Deltalaunch of Palapa B-2, a com-
munications satellite for the Indonesian government, in March; and a
Scout launch of aNavy Transit satellite in September. In March, an Atlas-
Centaur launch attempt of FltSatCom 6, a Navy communications satellite,
failed when lightning in the vicinity of the vehicle caused the engines to
malfunction. The range safety officer destroyed the vehicle approximate-
ly fifty-one seconds after launch.®

1988

The ELV program had a perfect launch record in 1988 with six success-
ful launches. In February, a Delta ELV lifted a classified DOD payload into
orbit. Thislaunch marked thefind east coast Deltalaunch by aNASA launch
team. A NASA-Air Force agreement, effective July 1, officialy transferred
custody of DeltaLaunch Complex 17 at Cape Canavera Air Force Station to
the Air Force. Over a twenty-eight-year period, NASA had launched 143
Ddtas from the two Complex 17 pads. A similar transaction transferred
accountability for Atlas/Centaur Launch Complex 36 to the Air Force®

“Aeronautics and Space Report of the President, 1986 (Washington, DC:
GPO, 1987).

BAeronautics and Space Report of the President, 1987 (Washington, DC:
GPO, 1988).

Aeronautics and Space Report of the President, 1988 (Washington, DC:
GPO, 1989).
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Also in 1988, a Scout launched San Marcos DL from the San
Marco launch facility in the Indian Ocean, a NASA-Italian scientific
mission, during March. Its goal was to explore the relationship
between solar activity and meteorological phenomena by studying the
dynamic processes that occur in the troposphere, stratosphere, and
thermosphere. In April, another Scout deployed the SOOS-3, a Navy
navigation satellite. In June, a third Scout carried the NOVA-II, the
third in a series of improved Navy Transit navigation satellites, into
space. The final Scout launch of the year deployed afourth SOOS mis-
sion in August. In September, an Atlas E launched NOAA H, a
National Weather Service meteorological satellite funded by NOAA,
into Sun-synchronous orbit. This satellite payload included on-board
search-and-rescue instruments.

In addition to arranging for the purchase of launch services from
the commercial sector, NASA took steps to divest itself of an adjunct
ELV capability and by making NASA-owned ELV property and ser-
vices available to the private sector. During 1988, NASA finalized a
barter agreement with General Dynamics that gave the company own-
ership of NASA’s Atlas-Centaur flight and nonflight assets. In
exchange, General Dynamics agreed to provide the agency with two
Atlas-Centaur launches at no charge. An agreement was signed for the
first launch service—supporting the FltSatCom F-8 Navy mission.
NASA and General Dynamics also completed a letter contract for a
second launch service to support the NASA-DOD Combined Release
and Radiation Effects Satellite (CRRES) mission. In addition, NASA
transferred its Delta vehicle program to the U.S. Air Force. Finally,
enabling agreements were completed to allow ELV companies to nego-
tiate directly with the appropriate NASA installation. During 1988,
NASA Headqguarters signed enabling agreements with McDonnell
Douglas, Martin Marietta, and LTV Corporation. The Kennedy Space
Center and General Dynamics signed a subagreement in March to
allow General Dynamics to take over maintenance and operations for
Launch Complex 36.

ELV Characteristics
The Atlas Family

The basic Atlas launch vehicle was a one-and-a-half stage stainless
stedl design built by the Space Systems Division of General Dynamics. It
was designed as an intercontinental ballistic missile (ICBM) and was con-
sidered an Air Force vehicle. However, the Atlas launch vehicle was also
used successfully in civilian space missions dating from NASA's early
days. The Atlas launched all three of the unmanned lunar exploration pro-
grams (Ranger, Lunar Orbiter, and Surveyor). Atlas vehicles also
launched the Mariner probes to Mars, Venus, and Mercury and the
Pioneer probes to Jupiter, Saturn, and Venus.
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NASA used two families of Atlas vehicles during the 1979-1988
period: the Atlas E/F series and the Atlas-Centaur series. The Atlas E/F
launched seven satellites during this time, six of them successful (Table
2-14). The Atlas E/F space booster was a refurbished ICBM. It burned
kerosene (RP-1) and liquid oxygen in its three main engines, two
Rocketdyne MA-3 booster engines, and one sustainer engine. The Atlas
E/F aso used two small vernier engines located at the base of the RP-1
tank for added stability during flight (Table 2-15). The Atlas E/F was
designed to deliver payloads directly into _ _
low-Earth orbit without the use of an upper /\ t

stage.

The Atlas-Centaur (Figure 2-8) was the
nation’s first high-energy launch vehicle pro-
pelled by liquid hydrogen and liquid oxygen.
Developed and launched under the direction f—
of the Lewis Research Center, it became g;';"_,
operational in 1966 with the launch of
Surveyor 1, the first U.S. spacecraft to soft-
land on t